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Preface

This repor’o is the seVenth rwonthly renort of D1v1:=10n 2, ‘“)).C, on
Ordnance and Termlnal nalllstlbu, covering the period from danuary 15 to
February 15, 195, “These monthly reports are compilations of informal re—

poirts suomltted in advance of formal renorts. In no case is it to be pro-

ed that thiv wori; comp]ete or-that the rdsults ;‘eported -are. other-than

c-onta‘oww »

LR
3 »1

The work descrloed in this report is pertlnent to’ th pfojécto desige-
ated by the War Department Liaison Officer as AC~73, Cu"36 OD-75," 01)~15h

OD-‘I 60, and to the projects designated by the Navy Denart,.lent Liaison, Officer ..

as NO—‘H H0=12, The vwork vas performed under Contract Ol sr=260 "with
Prj.ncetgn Un'v_versmy and uontract OEMsr—128L . mth Julce UnJvnr51tj.,

" Arrangement . is by pro,]uct rather than hy contracﬁ"'"ﬁ"" )
materidl pertinent to.a, partigular, phase of -the work may apvear tobethel.
’I‘hese montnly OTD reports a\re intended to (ive in some detvail the results "

.. -, obtained dur 111{) the premdmg month by eachno« ‘the contractors working on a
© . particular project. . . . . %

Y . vy

- This bound eony is 1nuended i‘or the use onI/ of thbsé individuals and

2 grou ys authorized to receive information about the activities of Division 2.

in the entire field of Or\lnance and Terminal: Ball:.stlcu. It should notl%
shownt to persons vho are concer ned with only a limited part of the work,

Loose~leaf coffies of the sectlo s are availdble'for distribution through »
liaison cn...n:z:ls to those who have a legitimate interest in the results of

_ work on indivi dual projects,

s i "

Inltlal dl trﬂ.(juuion oi‘ copies of the’ reoor‘b

“Noss 1 to 17 to LiaiSon Officm os&nm

. Hose 18 to 25 to Office of the uXLcuthG Secreta;u, 0S2D; ‘
No, 26.%to R, c. Tolman, Vice Chalrrnan, NDRC;. - e

- Noe 27 %0 Ju P¢ Baxter, IIT, HlSuOI"Zlan, OSRD;
Yos. 28 and 29 to &, B. w'llson Jr., Chizf, Dw*swon 25 B

Mo, 30-to W

v

lzakney, eputy Chief, les:Lon 2;

B

loe 31 to Hs P. White, Technical dide, Division 2; )
Nos 32 t0 He Lo Boyman, ]:Lerrbef,”ﬂiﬁ.sion 2; n

No, 33 to W. . Lawson, lierbar, Division.2; 4

No, 3l to D, P. kacDougall, ilewber, Division 2; .y

No. 35 to S. A, Vincent, Lembor, Division 2;

Mo, 36 to J. von Hewnann, Lerber, Division 2;

Wos. 37 and 36 to Division 2 Library, Princeton University;
Mo, 39 to Office of Field Service, 0SRD (J. I, Burchargl); ‘
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o, LO_to Ordnance Department Liaison Officer with IDRC; -
Mose U1 and L2 to Surcau of Ordnance (Resecarch and Developnent Division,
Re3);
Hoe 43 %o erdesn Proving Ground (Sallistic Research Laboratory)s
/ . , o ..
Nose Ui to 48 to Liaison Office, OSRD, for transmitial to Divieicon 2
London Representative; H. Pe ilobertson; Road Research Laboratory; .Armament

Research Department; (linistry of Home Security;
Ho. 49 0 Arpy Sround Forces Liaison Officer with NDRCs
O, 50 %o J, L. lovmark, Consultant, Division 2;

o 51 to A, H. Taub, Consultant, Division 2;

N¥o, 52 to L. H. Adams, Chiof, Division 13

No..53 to H. 2. Allen, Deputy Chiof, livision 1;

Nos. 5k and 55 to Corps of imsineers (Lts Col. We Je How)s

Noe 56 o berdeen Proving Ground (Gaj. J. S. Lieb);

No. 57 to Joint Target Group; _

Nos, 58 and 3% to Office of Field Scrvice, OSRD (irs. M. T. Schneider);

Noe 60 %o ~xperimental -Officer, Naval Proving Ground;

flo. 61 to Target inalysis Section, Joint Intelligence Center, Pacific
Ocean \rea (Lt. Cowdr. T. C. Wilson); o

- ’ o v . ) . L . I
Mo, 62 to Th. von Karmin, Dircctor, Scientific .Advisory Group, Hq., AAT;

Joe 63 to Dwrcau of Aeronautics (Comdr. 9, Taton).
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INVESTIGATION OF THE PENETRATION CF HOMOGENEQUS AND FACE— "

 HARDENED ARMOR AT STRIKING VELOCITIES' OF 3000 FT/SBJC AND.

- ABOVE

* TESTING FAGILITIES CONCRETE, DETONATION" EFFn.CT - BLAST e o
EARTH SHOCK, STRUCNRE§-~~ | - 0

Penetration theogt»z" Estmates of vel city and” time dur—

- HARDENED ARMOR AT STBIKING VELOCITIES OF 3000 FT/ SEC AND
ABOVE \ ’ o
STRUCTURAL DEFENSE TESTING FACILITIES . ) . B

II‘IVESTIGATION& ME PENETRAMHONOGENEOUS AND FACE—

\\ Terminal ballistics of tungsten carblde projectiless

' survey -and nose-shape tests, by C. W, Curtis, Rs J.

e e,

Emrich, and J. R Wmceﬁon Un:;.versity v o e M

——

REDUCTION CF SMOKE AND. BIJST EF‘"‘ECT

* FUNDAMENTAL DESIGN OF MUZZLE BB.AKES "

Thlrd *eport on blast dei‘lectors for the suppress:.on of ’
dust, by Jo Je Slade T, Pr:.nqeton Univers:.tf e o031

UTILIZATION OF FRAIIGIBLE PROJECTILE IN FLEXIBLE uTJnINERY
TRAINING

Calculated leads for aerle,l gunners using ‘the API-MBoal~
iber .50 projectile and the TLl caliber 430 -frangible
" projectile, by H. Scheraga and M, E, Hobbs, Duke Univer-

slty.. s & * 0 .C s;l RO '... ¢ & ¢ & & v ° ¢ - )41

The effect of prOJectlle diameter on the average muzzle
. velocity for -the Thl. proaectlie by A. J. Weith, Jr.,
_J, H, Saylor, and M, E, Hobbs, Pike Unlvers:.,tv OO

i

v  CONFIDENTIAL

ﬂ




,-Dlvmim 2, WIRG G  ADVANCE RELZASE:  This
‘Monthly Peport OTB=7 (OSRJ-h720) L - 7. information is tentative
February 15, 104; . o - and subject ‘to revision,

Projects CE#36, NO-12, 0?;75 Princéton Unlver51ty
: it

PANETRAITON THEORY: ESTIUATES OF VELOCITY AND m & DURING PENETRATION

by R. 4, Beth
R ‘
;"Abstract | 0
‘ Thls papére summarizes the thepry of the variation of “the- res13+1hg
~ force R during projectile penetration for three cases -— (1) Ris a
constant the Robins~Euler Theory; (ii) R is a function of the remain-

ing veloclty (sectional=pressure theories); and (iii) R is a function
of the distance penetrated (sectlonal-uncrgy theorles). '

‘ Neither the theoretical hor an emplrical approach has been, suff1~«
cient to give a knowledge of R; however, the.actual curve for R is ex-
pected to fall between those predlcted by cases (ii) and (iil)

: A knowledge  of R would be a step toward solutlon of the praﬂtlcal |
: prdblems of fuze settln target design, and proaectlle de51gn.

1e Introductiog» ;
T ‘e 1aws of varlatlnn of the rn51st1ng force durlng the penetratlon
cycle off a progectlle are not known, Io nas‘been nec°ssany to accumulate a.
very larpe quéntity of exper:mental data on penetraulons and ve1001t1es and
to attempt through these to assay thé influence of target and progactlle
ﬁarametefs. OuF inability tc’%pply the second law of motion has -therefore
'resulted in thid situation: we can only predict with confidence those cases
in which the variables lie reasonably close to Fltuatlons for which we have
carefully measured data, this confidence decreases rapidly as greater ex—
trapolation from previougly measured combinations becomes necessary.

' There are certain kinds of practlcal problems for vwhich we do not even

have ‘previous measurements by whlch to make reabonable ‘empirical predictiond,
" Among' these are: J '

(a) Setting of fuze. == The time of ‘penetration has',

‘been sought in order to specify fuze settings for detonation -

at or near maximum penetration, expecially in concrete,

% o . .
This paper is a revision, with minofr alterations; of a Division 2
_econtractor's informal memorandum = PIR~6 == of March 194k, ' T

~1 - GOIIFIDEWTIAL
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(b) Design of composite targets., —— If a target con-

sists of a qombination of layers of earth and-concréte, or

_ concrete ard steei; it is desired to estimate the over—all
resistance from the available data on each separate material,
This could be done, for examplc, by estimating the rémaiﬁing

velocity with which each layer aftér the first is attacked.
(c) Design of projectile, =~ In order to design a pro-

Jjectile containing as much explosive as possible without un—
fdue'weakening against deformation, it would be helpful to
have reasonable estimates of the maximum force acting durlng
 penetrat1on espe01a11y in concretes
It is the purpose of this’ paper to suggest nethods by which reasonable upper
and lowé?lﬂounds may. beﬂgiven'fothﬁe fundamental quantities upon which solu-

tion of these practical problems depends,

2e Peneﬂratioﬁ‘ﬁhebry: iimiting cases

Assume that the following projectile parameters are constant during
penetrations '
W = weight of the projectile; |
= cross-sectional area of the projectile;

sectional pressure = W/A; and - .

B Lo
]

! = sectional density = P/g, where g is the acceleration
due to gravity, ’ : o

Denote the kinematic variables during penetration by

= the distance penctrated;

I

i<

= the remaining velocity; and
t =.the time,
If v  is the striking velocity, x; the maximum penctration, and:t; the time’

of penetration, then:

x =0 ] :
= for t =0,
V"VOJ .
; x=xl .

The relatlon between x, v, -1, and the resisting force per unit area,-R,

,durlng the motion in thv target is given by Newbon's second law, which we

CONFIDENTIAL
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a N
- write in'the form . ~ . o B}
. - | ‘ N . .
(1) ’ . . pt 9__2‘. = Ply Q.Y. = R, -
. . S 4t dx e
It is usual in attemptlng to construct a theorv,of,oenttratnonmtn gsume - -

a physically plausible form for the r051stanoe function R involving only con—

* stant parameters, which are to be evaluated after the 1n%egrqtlon from _
selected penetratlon m.easurementsa These. attemﬁ+e nctablv the- T*"'“ZL.,r and-— ——

" Poncelet theorles, then prescribe a functional connectlon between %, and v,

which it is difficult or impossible to regoncile with ‘the dbgerved curvess

Alternatively, the. observed curve conﬁectlng X, and v, caﬁ often be ex-
pressed algebraically as an emplrlcal penetrativn formula w1thout refeience
to the equatlon of motlon, Eq. (1)s -The res1stance function R'is not -
unlquely determined by the empirical formula or curve connectlng Xy and vo. ”

Thus neither. the thnoretlcal nor the empirlcal approach has been suffi= -
cient 1o prov1de a knowledge of R or, what is equivalent, of x, v,-and t

ing nenetratlon. It is of interest to attempt %o, céﬁblne the two, supple~
mentlng the emplrlcal knowledge of the xa,v -relatlon by just nough assump—
tions about ‘the form of R to determine ‘the latter unlquely.

If the penetration x; has been. measured for only ¢ne. value of vo, then )
\\

the 51mplest sufficient supplementany assumptlon regardlng R is

(a) The resistance is constant — With R = ¢ where [
is a constant, Eq. (1) becomes o '

Separating variables and integrating we get i

_ro ,; Ve

R B = N o ]
c dx = -P!' [ vdv = P'/ vdv, !
o Vo v0 , -
vhich gives .
1 e s o as
cxy = ﬁP'vg “(work done = striking kinetic energy);

3
or ) a )

Piv® = 2cx;.

GBI e v e 1 SUTR L i
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We may also write the indefinite integrals
"V

x "‘(_f 0
c dx = = P'_/; vdv = P’/ v dv,
0 - Vo v

Integrating, we get

or
2c(x, = x) = PWv2,

This is essentially the Robins-Euler theory. It is more
interesting as the simplest possible réfefence case than for
practical applications, '
If the penetration.x, has been measured for enough values of v, so that
it may be considered to be Imcwn as a smooth curve starting as x; =0 and

v, = 0, then two equally simple sufficient aSsumptions regarding R are

(b) The resistance depends only on v, == Irtegrating
Eq. (1) for R = £(v) ‘gives -

Vo vav
Xy, = P! . W = Fp(v3);

hence
av
= Ply =2
f(vo) ‘ Plv, dxl,t.
Also,

In this case xl/P depends only on v The penetration

00
thzories that fall in this category are called sectional

pressure theories,

CONFIDENTIAL




o (44) by transposing the- corr@spondlng graph in row (i) according to the.
formilas derlved in the’ foreg01ng. Trom row (ii) it is p0551b1° to obtain

AN

»each case from the observed v2 lotted agalnst X, in the diagrams of tow (1),

- . "'CONFIDENTIAL k
i . s 3 . N

; R . / . . S
o {c) The resistande depends only on X. —-- Integrating

Bge. (1) for R = g(x) gives.

i

s o [% ( ( )
v =5 | 8 x) dx = G X3 )
oG

o . j
b hence . . . ”j‘ - ' : ' : . *
N A\Y , dv “ . ;' - N

o ?\X‘)) = Plv -.-9. s o
Q dxl
c- - ) i REEEENE
) ‘ W
. Also, -

- S S -
e, ’Yo GP(;;) .
Ihlfhis case-%P‘vg depends only on X;. The penetrétibn
\
~theories that fall 1n this c;keﬁory\may be caJled sectwdnal
\'%energy ﬁhe01lcs. o . ~.\. . .

Flgure 1 111ustrates each of these threé cases. ‘Notp that the functions:

Fp (vz) aﬁd GP(xl) as well as the constant ¢ 'ave determined. quantitatively in.

Thon tha graph of v2 agalnst x for a paftlcular penctratlon is drawn in row

v
o “

M ‘ : /, ‘ ’ - . t = / 'd_;-{'; ¢ F n
“ o o o V. e

as a functioﬁ‘bfygfby integrating numerically if necessary. ~The velocity v
is then plotte§sagains£7+ﬁo time t in row (iii), The time of peretration’ b,

is then given by the t-lmtercent of the last curves, and the area under tyem o
renr°sentu - : ’  7 o - - ‘i |1, o

Ty T ‘. o | AR
Xq = th' " ,
O a * o ;r ‘ 1l

The following qualitative argunient may be made that the R = £(v) case
and the R = g{x) case give linmits for v and bty betwsen vhich the physically .

correct valuas migt lie if ' o : AW

(1) the reststance actually depends only on x and v, that is,

R = hix,v);

(2) the-resis stance for a given v capnot dzcrease as x increases ©a
and, for a Blven % cannot increase as v deur&gueu, that is,

2R 5 o 3k .

ax = 7? % . CONFIDENTIAL
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' 1'13. 1, " Ponitutiat" theories: summary of three cases.

oo Robins-Buler Theary , | Sectioml Pressure Theories . | Sectiohal Evergy Theoriss
" Ree  Ba :(v) o " iR = g(x) .
: (1) Observed relation between striiing velocity v, and maxinus penetration \\z;;. "
i i ' ‘ S i “
!1‘ L‘— . . ) o a ‘lr
0 73 s ¥ "V:' B o Wiiﬂlr“ ',g i‘a —= ) .
L = FP(To) ‘O' 'S - GP(:Q) : ’
‘ (=,%)o (x5,v0) 4 {2y ,¥%0) -
p . e
i{ f ‘
l . L - Xy - X »X3
,.(1.) A ¢ ) (1c)
(ii) Relation betwsen y* and x during penetration; derived from (1) for fixed x3 and vy,
. For larger values of xi (or Yo)s shift curve a8 shown by nrron. : :
' ' Slope = 2 x acceleration.
- v ) f - v: - g-?-x, or ) - ;
T | I x = x = Fp(v*) ? % vh = p(x)
it »
. . » f
2 X3 x X X . o ,,
(i1a) (11b) Rotate (ib) about ver- . (1ic) Rotate (1o) sbout H '
t tical axis to get (iib). horisontal axis to
., [ . get (1i: ). i

) X gx - : t ’
ot -, xX.® vdt,  slope » acceleration.
@ . . - 0 v . . do

(111) Relation between v and t during ponetraﬁion; -derived from (ii) for fixed x; and Voo

Tize of penetration t,,is the t~intercept.

Yot1/% = area of rectangle/area under curve ® pure mumber,

s

(1118) voru/x, = 2,

N,
o=
(141b) For df/dv > 0,/ (11b) and
- (111b) are corjcave up-
ward, and vot,/x, > 2.

(fiic) For dg/dx > 0, (iic)
and (11ic) are con-
cave downward, and
v‘,t.,./x1 <2,

CONFIDENTIAL
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. Bo’ch as.;wxptlons are physically plau51b1e.

to be concave downward.

-7 CONFIDENTIAL

If the resisiiﬁé force increases
w1th x the negative slopes in graphs (ii) and (111) [deceleratlons] tend Lo
zncrease in steepncss as x and 1ncrease- in other words, the curvea tend

I
Converselv. if the re51st1np #nrne dvcreascs with

decreasmng ¥, the negative slopes in (ii) and (111) tend to become less steep -

as x and t 1ncrease, thus tendlng to make the curves concave upward. These

tendencies are ﬂlustra’oed :Ln ‘the cases drawn, in which the” re51st1ng i‘érce

depends only on x or only on v and it is plauq1hle that the tcnden01es re=

main when R depends on both under the assumption (2).

In Flg. 2 ‘the curves (iib) and (11c) from Fig, 1 ‘for the R = f(v) case

and the R g(x) case are plotted togéther. On the foregoing qualitative

argument, the actual _curve ‘for R = R(x v) fmay be expected to fall between

the two curves glven, as is suggested by the. dajhed curve (Flg. 2)&

Y P X . //
xl : S

Fig. 2. Mathod of ostlmatlng 11m1ts forthe remalnlng veloc1ty
v for penetration x = x5. Note that v, £v S "x;

In Fige 3 the curves (iii) from Flg. 1 for the R =

£(v) case and the
g(x) case are plotted together, -

-The. area under each curve represents

the maximum penetration x,, whig¢h is the same for both, -being assumed known

for' the given striking velocity v,e Here again the dashed curve suggests a

possible true case for the same value of X,

CONl*ID NTIAL
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‘Figs 3. Method of estlmatlng llmlts for”the tlme of penetratlon

Vote tHat t, Sty S < e

by

",

3e Appllcatlons - L A”,' L H._} ‘ “ o wlﬁ" :

» !

From the graphs 1n Flgs. 2 and 3.it is p0551b1e to get reasonab]e,
though approxlmate answers to problems 115e thoso mentloned in the Introduc-

tlon. . - N . . //n' ) v 'f 1o
(a) Settlng of fuze. = Uppcr ‘and lower 11m1ts for the tlme of Denetra~

tlon can be estimated as shown 1n Plg. 3. . ,
(b) Des1gn of comp051te targets, —— The over—all resistancé can be

“ determined from curves like those .of ?1g. 2, If, for example, a layer of

concrete of thickness e = x5 is. backed by a steel plate, then Fig, 2 should

be ‘made for concrete and the steel should be aesessed in terms of the estrs

mated striking velocity vl, where Ve < v{ S Vxe This procedure may be suf=

flclen{Jy good in mamy practlcal cases witliout taklng account of the altered
1nterna1 restraints in each medlunlocca51oned by the interface.

(c) Deéign:of projectile;‘é* The accelerdtion of the'projeetile is
given bylone-half the elope of thu curve in Fig.-2, and dlrectly by the .

- slope in Fige 3., Thus the max1mum resisting force actlng on the prOJectllo

during the penctration cycle may bé réughly estimated from ‘the stec pest ‘por— ;

tion of the hypothetlcar dashed curves, allowance being made for some

appropriate safety factor (for example,‘EO%). The_derlvatlong in Scc,. 2

CONFIDZNTIAL
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, . : oo W
show that for ooth the R = f\v) case and the R = g(x) case maxlmum decelera—
tion encounterad by the progectile is given by the maxcimin’ velﬁe of vodve/dxl

whlch is one-half the maxummlslape of the exper1mental cunyes (1) in Flg. 1a

B .
- ™ ~ - - e i
/,->' S . sy . R b

S Concludlng;remarks

ol

A (a) Tt is' common to assume; as has been done in the foregoing, that
the resistance ‘R-can depond only on x and v-/ Even thls ‘agsumption, which
in its_general form already prevents us from 1ntegrat1ng the equation of
motlon, ‘Eq. (1) 1s prdbably ‘too simple, since it’ implies that the proaectlle
-only encounters essentlally undisturbed taﬁget‘materlal during penetratlon.
“There 15, however, reason to expect that energy and momentum transferred to
target material at earlier stages in the penetratlon cycle may serve to re-~
duce both the crushing and the inertlal res;stance of*the target at later
stages, Thus the right~hand side of Eq. (1) should depend 6n "previous
history"yas well as on §_and Ve o It is not obV1ous ‘how- this hypothesis ¢an

o be'put“in mathematical. form, It stggests uhat the penetraulon cycle may. ire

volve a "tran51ent" stage at the beglnninc durlng which the dlsturbance ln

© the target” mateflal is set up, a subsequent "steadybstate" stage durlng
mhlch tne proaectlle—target interaction depends in some contlnuous way on’.
relatlve motlons; and pos51bly A flnal "tran31ent" stage . when the prOJectlle.
deceleratlon suddenly- (discontimiously)" drops from a flnlte value to zero: /
whlle the’ dlsturbance of the target materlal tapers of - in sbme rapld but /
contlnuous way. It is, nevertheless, felt that these. con51deratlons would |
not greatly modlfy the practical appllcablllty of the methods descrlbed

‘ ;V since they make use of actually measured rather than postulated relatlons .

between X1 and v, ;
(b) Justas the assamptlon in the R = ¢ case can be tested by measur-

3‘1ng Xy for more tnan one value of Vos so the #$suwptlons 1n the R = f(v) and

g(x) cases-can be tested by measurlng Xy 3 Vgrcurves for. more than one’ -

" value of P, Some work on thls has been done on concrete. with the indicatien
that the truth lies between the R ,f(v) case and the R = g(x) case. It may -

b

1

1941, unclassified, Submitted by the Committec on ppma (1ater crn) to Chicf
of Englneers, UuS5. Army.
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ions by using such data, but the

<

ubc possible to. nwrrow down ﬂhe assumpt
mt‘nods ha.ve not been cle.arly formulated as yet, ‘ oy T
(c) A better analysis may- result from present attempts 40 measure tl.‘ .
Preliminary 1nd1@at10ns are that for cconcrete votl/xl lies in the . o

: . - .
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TERMINAL DAL STICS OF TUNGSTEN CARBIDE PROJWCTILESt
SURVEY AND NOSEmSHAPE TESTS

by Q. w, burtls, R, J.‘mmrlch, and J, R._Sproulé f .

"Abstract

blghtf mondbloc callber 2Ll projectiles of “one nose shape have ‘been
tested in a survey against 2~caliber, l-caliber, and 6-caliber thick homo-
geneous armor at striking velocities ’from 2500 ft/sec to 5000 ft/sec and at
obllqultles 6F attack from 0° to 65%, The regions of values of these vari-
ables in which'perforation is achieved and in which shatter occurs have been
~ mapped out., The effect of shatter 'on the perforatidn performance is similar
in nature to that occurrlng with monobloc stéel projectiles, Under certa1n~1w
. " conditions an increase in- pexforatlon limit energy at least as great as
- 80 percent can'be atiributed to. shatter, . ‘

_ Twentv~f1ve cach of. five’ progectlle d951gns hav1ng w1dely dlfferent
nose :shapes, ‘but 41l hav1ng the same weight-and diameter-as the survey-test? .
”progactlles, have been fl??ﬂ agalnst the same- plates and in- ‘addition,

against an 8-ca1iber thickfplate, Nose shape was found to-affect strongly
thé shatter velocity and thernby the perforation performance of the projec—.
tiles. ihen fired above 3000 ft/sec and at" obllqultles of attack of u0° and -
less as a monobloc .without - -cap, sheath, or carrier, progectxles of nose k
shape 1,25/2,50 secant. ogive.or-lk, 25/4.25 ‘tangent ogive perforate greater
thicknesses. of armor than is possible with progectlle having less pointed
noses; bub at obli qultles of attack. groater than bO where all shatter,rno
large effect in perforation limit was noted, . Lo

When all obliquities of attack are conswdered, some - mieans -of avoiding
shatter other than changes in nose shape must be employed when, tunguten
carbide 1s fired in the hJDerve1001ty reglon.

R i ; o i
%

1. ConSWderathnu of terminal ballistics of tungsten curblde

It

The factors in. the d931gn of a proiectlle w1th a tungSUen caLblde wore
that- affect its perfornance dwalnst armor pTate are: ' ‘
(a) Size of core; )
(b) Shapé of cére: nose shape and length;

. - (c) Physical properties. strength .and den51tf, ~

~ = Ad)  Amount of cap and Sheathy

S =11= . COWRIDENTIAT
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2. Surveg test
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The thlckness of plate nerforated will depend ‘on “the plate hardness, the pro=
jectile nrepertles Just llsted and the condltlons of 1mpact thet 1s, the

v

striking ve1001ty and obLiq ty of attack. - D R o
. The desmgn of the. nrn ctile that when flred from a"given gun perlorates

"the maximum thickness of armor“at_fighting ranges muet take 1nter10r and ex=

terior ballistic behavior into'acoount as well as'terminal ballistic'behavior.'

however, if the weight and diameter’ of various prOJectlles are held constant
and only the shape is varied, the interior and exter101 bdlllstlcs are the

. same, and a compazlson of the progectlles is possible from the term1nal bal~

/7 .
listic behavior alones . - Y S

o

1 e
" As the first step in determlnlng thc comblnatlon of factors that would

~ive optimum termlnal ballistics, a survey of the performance of a partlcular

scre has been made over. ranges of variation of striking Ve1001ty, obliquity
of a+tack, and plate thlckness. The ranges of these variables were chosen
to. include. plate thlcknesses (relatlve to the core diaméter used) and
ﬁcbllqultles that might be met and defeated in tactlcal combat w1th hyper—

4‘Vu1001tf progectlles, all other factors were kept constant for thls sarvey

test .

The values choscn ‘For the fixdd varlablos and the ranges of varlatlon ‘of
the others are glven in Table I, e
, The contour of the projectile (type }=2l=~20) is- shown 1n Fige 1. The
partlchlar prOJectlle Chosen has a diameter-of 0,2ul} in. and is nearly a

" scale model of the core spc01f1ed by the Brltlsh Army for the 6-pdr D¢S,. Mk I:

progoctllc, dlfferlng very SllEhth 4in nosae shnpe -—'nae Flso C,fea

basd to allow Shem to be ilred as cores in a callber 50 sabot—DrOJectlle

which dlscarded its sacot S0 thdt only the bare core 1mpactcd ‘the target,

9

Figure 3 iS5 a shop drawing of thc cdliber .50 quﬁt~rrOJ°Ctlle}/ WQuh which ,"'

velocities as high as 5200 ft/sec'wcr succcssfully obtalned.)

 44ﬂ/4~£/ -The sasot- is ~g-modification of” e*dosign suggested b1 thc Un1Vcrs1ty
of Hew kiexico unoer contract to. Diyvision-1, IIRC,

O
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1able I, Values of‘terminéi ballistic variables —— striking velocity,
' dbllqulty of attack, anf plate thickness =- in survey test
of caliber .2l projectils type M-2h—20 :

The velocity rangn is from just below the perforatlon llmlt to LLOO ft/sec
in LOO-~ft/sec “intervals.

Comgbsition: _89p we, 11% Co~'¥‘ ) w/d?: 1.15 Ib/in?
Nose shape:. 1,25 caliber radiis - Cap, carrier, sheath: none
X tangent ogivel‘ . LE Armor plate hardness: BHN 250
Length: 2.26,calibers (oglve o - , to 270 ,
" base) o o '
. o———
Plate Thickﬁess’ S " Obliquity of Attack (deg) re o h
. (dny) (caliber) 0 30 O | U5 | 50 | 55.:- 60 65
1.50 6315 ' X _. X .
1401 hab xopxo X x
0050, [+ 206 - | x| x| Tk b Tk box |

Strlklng yaw-was measured 2 ft ahead of-the target and was gencrally
less than S s velocities were measured h £t "head of the targct by llght
. screens on a h—ft base line, DU g : L
The results of the survey test are given graphlcally in Flg. b, where
for each plate thlckness, strlklng ve1001ty is plotted agalnst sec 9
(where 8 is the obllqulty of attack) The type of hole in tho armor
made by each shot was classlfied 1nto one of four groups:

. (a) 'No perforatlon, smootnsu%faced.hole of approx1mate pro-
" Jjectile diameter (nonshattor) :

- (6) Perforation, cmoothsurfaced hole of approximate projec=——

tile diameter (rionshatter);
(¢) Wo pebforation, -rough surfaced, oversized hole: (sha+ter)
(@ Porforatlon, rough surfaced, oversized hole (shatter)
‘Each shot is plotted with a symbol ropresentlna the result bn the armor; no
difficulty was experienced in distinguishing betweon smooth~surfaced and
rough-surfarpd holes except in tha sﬁaded regions in Fig, U. vithin the

ﬁ wide spa01ng of the v arlablcs, stralght lines could be drawn to indicate

- the nonshatter perforation limits. In the case of 2.06=calibor plate,
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perforation limits- obtalned with the shattered prOJectlle at hlgh obllqultles

‘ heve _been 1ndlcated with a broken llue,

) Regovery of: proaectlles after 1mpact was, attempted but generdlly with— ” i
out success, Although smooth~holed perforatlons were Irequently accompanled )
by the recovery of the proaectlle.nose‘lntact ‘the remalnder of- the projec= . o i
u.tiles apparently disintegrated to alfine powder which could be swept up from
the v1c1n1ty of the target after a day's firing., A spark shadowgraph
apparatus de31gned to measure the ve1001ty of the projectile after perforat-
ing the armor also 1ndlcated the condition of the proaectlle after 1mpact-
two examples. .of- ‘the records obtained. with the appalatus are glven 1n Flgs.'S

= and 6 the ]atter show1ng the emergent projectile broken into very small

pleces.

ad

3. Nose-shape test

With thc survey test &8 ; basis, the effects of changes in the nose
shape of the progectlle ‘have been studled. - . »
" If the profile of the nose is the arc of a clrcle, 1ts shape may. be

,specﬁled by two quantltles: the length A of the nose and the raciuvs R_of - . .
‘the clrcle deflning the curvature of the nose; both A and R are Wengths, \
’ k i iy Cow . ) - - if

Fige 5. Spark shadowgraph record of cal;ber o2LL tungsten
carbide projectile after perforation of armor, Progectlle type
M=2l~22, nose length 2 callbers, tangent ogive, - Striking velocity .
4132 ft/sec 6415~caliber plate at 0° obliquity of attack., Smooth
hole perforatlon.«fThe record was made approximately 30 in. behind
the target, ' '

- i o . \

See ps 19..

Fig. 6, Spark.shadowgraph record of caliber .2ll tungsten + \
carbide-projectile after perforation of armor. Projectile type oo

M—Eh—ZO nose length 1 callber tangent ogive, Striking velocity " e -
L8946 ft/sec 6415~caliber plate at 0° obliquity of attack. Shatter

hole perforatlon. The record was made approx1mately 30 in, behind .

the target. The larger pieces apnearlng in the” p1ctur9 are prob- .

T : REAEAY
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expressed in calibers. Usually, instead of the length of the nose, 2, the
radius r (expressed in calibers) of the circle required to give a tangent
ogival nose of length A is specified: The quantities r and A are comnected
by the relation A= m. The nose shape is thus specified as r/R. The
conical nose and the tangent ogival nose are special cases, specified as
r/co and r/r, respectively, .
From the foregoing varieties of shapes, the basis chosen for varying
the nose shape was to gelect wide variations in (a) nose length a and
(b) angle g of the tip, from the shape specified for the British é-pdr
DS. Mk I core, The six nose shapes listed in Table II have been used; the
contours are qompered in Fig. 1. The core nose shape of the 6-pdr D.Ss is a
1.10/1.10. ogive with an 80° cone (4 = 80°) ground on the point. That it is ‘
a shape 1ntermed1ate between the 1,25/1, 25 and 1,25/2,50 may be seen from
Fig, 2 where 1t and the three nose shapes of 1-caliber length are superposed
for comparisones . ' )
In.varyinguthe nose shape, ambiguity arises as to what part of the pro-
jectile length sheuld be held constant = the cver-all length, the length of
the cylindrical section, or the length of the equiValent cylinder, that is;
the cylinder with volume eqﬁal to the volume of the total projectile, The
last possiblllty, whlch 1s the same as holdlng the welgrt of the projectile
constant, has been chosen. - S
Table II, Descrlptfdn‘df nose shanes'of"caliber’}Zﬁﬁ'r‘
tungsten oarblde;proqoctiles. L ,
A Nose length (callber) o ;.. - r radius to give tangent ogival nose
4 Included anglc at tip of cone. (deg) ' Of length 2 (caliber) .

The symbols for the different shapes are Prlnceton tjpe deSLgnatlons.

N?221§§2§§h Tangentéﬁ%fve | Secant Ogive oL Cone
- o )8 I ' £
2|1 r /R (deg)| Type r/R (deg)| TPe | TR |(deg)| TVPC

0,50 | 0,50 [0,50/0,50[180  |¥-2h=18] == | =r |~ 0,50/0{90  |li=2h=2k
1400 | 1,25 |1425/1.25{106,3[14=2=20{1,25/2,50 | 80 |M=2L=23[1.25/0 53,7 |i=2L=~25
2,00 | 4425 |Le25/L,25] 56,1 1=24-22
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which were neld cons”‘E'a‘ﬁt‘ *az*e ‘given in Table I.
1n_the same type oﬁ callber .50 sabot agalnst the same armor plates

The progectlles vere fired
‘as_cores
usod in the sur'vey test. : .

‘ Because they have the same welght and dlameter ,_é

‘ that is, the "best®. nose shape — may’be chosen from the group tested on the
basis of. the -amount of’ armor perforated at g glven strlking veloc1ty and
_obliquity of attack. Hence, each prOJectlle type was fired at. velocities

It

way sought to find for each type any condltlons, if they existed, in which

";and obllqultles near the perforatlon llmlts found in the survey “teste - i
“(a) perforatlon occurred under. condltlons where the, survey-tested type falled,
or (b) failure occurred under condltioos where “the survey~tested type perfo-"

rated or
on either s1de of the perforatlon limit,

(c) performance occurred equal to that of the survey-tested type.
Within the wide spa01ng of vari-
~ables used, only marked and cutstanding differenced in performance would be
vexpected to apoear. Two. types :Lndlcated better pe rformance than the" survey~

tested type at h—callber plate and intermealate obllquitles, and the ‘Fange

. - - B v v ‘ B -
\ l[

p The valuev of the other factors relatlnw to’ the de51°n of the prodectlles,

P e am .-
'best p”GJCCbllc —

of veloclty and obllqulty over. whlch this better performance occurred was Ce

(explored. . e” . . s .

<

To 1ndlcate the perforatlon performance of the dlfferent shapes we have :

used the follow1ng symbols.
P

,8 v’ Perforatxon achleved for plate thlckness e, obllqulty of
 attatk8," and striklng velocity ¥; -0 ool EN

" Fe 8,v’ Fallure ‘to- perforate tnder ﬂlven conditions.-;

Although 80 pfOJGCtlleo were flred in the survey test ad’ only 25 of each of
the other types were: msed in the nose—shape test the_Eerforatlon performance
of each of the nose-shape types may be implied ovrr the entlrersurvey reglon

~ L

i
of .

through application

(1) P

e,G v

the foliow1ng postulates.

implies P v for all thinner platey -

(31) P 6 . implies P P . for all Lover obllqultles}

5 ,'V W e e a4 e

(1111 Fy 6 o implies F6 for all thlcker,plate;“,,,

) Ey 6, 1mlios ¥ ‘v for all higher cbliquitics,

’

shatter gap ‘no 1mp11cetlon may be -’

drawn vith regard to anothcr veloclty from‘h ‘Value of P " or of F.

8.,0,v. e, 8 v*

Yote that becauso of the p0531b111ty of
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. The results against Z—caliber;'h%caliber, and\§-ca;iber plate are con-

| teined in the graphs of Figg. 7, 8, and 9, Striking velocity is plotted

inst obliquity of attack, and the*tvpe'of hole ir the armor is distin-

~mgulshed as nonshatter or shatter in tne sense dlscussed in-3ec, 2, The

N

’,'perforatlon Fimits and shatter-veloc1*y banu resuiting from the Survey:. nesu

on the same armor plates . (Flg. L) are drawn in.again on the graphs .of the
nose=shape test (Flgs. Ts 8 a.nd 9) to allow comparison.
Sik% shots with the 2—ca11ber length tangent ogival nosed proaectlle'

M-2L~22 were mede against 8 .2h~caliber armor plate (BHN 280) at 0° obquumty

of” a‘t.’oack9 Three shobs struck with. 5° yaw at velocities ‘of h230 ft/sec,
LU470 £t/sec, and L950 it/sec and.- failed-to perforate; the remaxplng ‘struck

with 1o Vaw at LL30 ft/sec, LS00 ft/se¢, and 5210, ft/sec and. perForated .
without shatter., The p“ogectlle nose was recovered zntect after the shots

at LL30 £t/sec and 4900 ft/sec. . :
Although the performance of the proaectlles of 1-ce13ber nose hgth o

‘_wlﬂnsecantoglve and with cone ¢ VFZM—ZB and Mé2h-25 -~ against 6—ca11ber

rlate at 09 obliquity of attack indicated that perforaﬂion of B~caliber

_ plato was. possible, the test could not, be made because the proaectlles were

M

“all used in firing at the thinner plates.

i
'. "

L. Discussion of results

The effect of shatter of a tungst carbide projectile on its !blllty
T i

to perforate plate is seen from the survey test to be very similar to that
axhibited by shatter of a steel progectlle%/ The result’ of an impact may be

classlfled into _one of four groups, namely (1) no perforation, no shatter,

‘(2) perforation, no shatter, (3) no. perforation, shatter,’and (L) perfora-

tion, shatter. The criterion of shabter is taken to be the occurrence of a
rough surfaced oversized hole in: the,armor.l The strlklng velocity, ‘oblig~
uity of attack and plate thickness varlables group into four regions, in
each of which a 51ng1e type of bekavior’ results, and the regions may be
separdted by curves or bands of pexfOzatron 1imit VClOCLty and shatter
velocity., The shatter velocity dppears to be relatlvely independent of
platelthickness, but strongly affected by'changeb in obllqulty of attack.

g/~ High-velogit termlnal ballls+1c performance of caliber 30 AP 12
cores, NLRC Report 287 (OSRD No. 3889) by R. J. umr1ch and C. W, Curtis.
Ny
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At critical values of obllquuty,\and probably at crrtlcal values of\plate
" thickness, the 1imit velocity f&% perforation changes ahruptly and these

critical values are\d%termlned by ‘the Jntersectionwof the curves of shetter
velocity . and ‘of Ren:oraiien'1imit'velocity. The occurrence of a shatter gap. -
is noted, v"( S B i )

Thus the limit v91001ty for perforatlonuof 2-caliber plate rlses
1000 ft/sec when tﬂe obllqulty of attack changes from 45° to SOO,ha]though a
5° change of obllqdlty on either side of the eritical obliquity results in

only about 200—ft/éec change in llmlt veloc;ty. A shatter’ gap appears on

Jh—callber plate ag 30° obliquity of attack;. perforation is possible w1th
uvelr01t1es from 3100 ft/sec to about 3600 ft/sec, but with higher velocities,

even up to LBOO ft/sec, perforation is not adhieved,
In the two 1nstances cited "in the preced:mb paragraph the magnltudes of

“the 1ncreases in perroratlon limlt energy are’ 60 percent and more than
- 80. percent{ ”Thls is an 1ndlcation of the extra amount of energy required

for perforaulon when shatter is encountered.

K]

The _study of the effect of nose share under the condltlons of hyper—

vé1001ty, nlgh-obllqulty attack of the 2-caliber plate reveals that no"f‘

‘ marked advantage is possessed by any one n0se shape over any other. This

result may be attrlbuted to the fact that all the 'projectiles shattered.

Apalnot h—calnber plate, however, “the prOJectiles with “-callber nose s

length failed to perforate even at 0" obllqulty of attack at all veloci tles.
Al the prOJectlles of longer nose length perforated L-caliber plate at O0

 obliquity at all velocities; with certain velocitics the 1.25/2.50 .secant
~and L4.25/L4,25 tangent uhapes perforated at 30° and L0° dbllqulty. The dif=-

ferences in performance . 1nut this plate are vhll correlated with the
occurrcnce of shatter‘ the snattor-v01001ty bands for the1 25/2 50, secant
and L, 2b/h.?q tangent shapos are LOO ft/sec to 600 £4/séc highdr than that

~ for thv 1425/1425 tanvent shape tested in.the survey, whereas the shatter—

vclocity band for the progectllos of shpzn nose length is at léast
1500 fi/sec lowsr than that for the survey-tested shape.

. ‘5’. uhuulﬂ"‘f i - : ' . — o . V CoT T

(1 ‘Shattor behavior of tungsten carbide vhich 'is similar to that of

steel projectiles has been demonstrated, o ;

-
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o (2) Undc,r conerJ.ons of hlgh-velocity, hlgh-obllqulty attack, chang,es .
in- ‘nose ahape have 11ttle effec;t on the pro,]ectlle's perf oratmc ablhty, , 5 o

. 51nce shattw ccurs m all cases,

-H

nesses of armor at low obliquities, . ‘ -

(3) " " Projectiles wﬂrh the riore pomted noses perf ora.te grc,ater thlc,lc— B
It is apparent from the results that some means of avoiding shatter o
vthe.r thc.n changes in nose_ snape must be employed when ,uungsten\\oarblde pro- .
*ctlles are fired at hy‘pLI‘Vul(JCltluS.
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' des:.gned to reduce. obscurauon from d/st and smoke.

iiincluded in OTB-h (OSHD No. h357)
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RESSION GF DUST
by J. J. Slade, Jr, | |

.A.bs"tract

The restrictions under wh.ch the solutlon of the problem of ob-

scuration has been. sought mp to the present and the feasn.biln.ty of
removing sSome of these ln.mitations are discussed.

Three bldst deflectors for the 76=mm gun to be offered as pos-
sible partial solutions of  the problem are descrlbed. A geflector
_i‘or the 37-mm gun is also desoribed., : : R

1. Restri'ctions - o S , o o kS R

Until recently some severe restr:,étions have been mpocod on attachments
One restrlctlon, that
the. attachment should not change the. recoil characterlstlcs of the gun,1/

has long since been remoy'ed ’ but . others. have remalned that have. lim:.ted the
types ot deflectors it -was felt could be- tried. The llmltatlons that have

presanted the greatest handicaps are (1) the -maximum weight of the dei‘lector s

(ii) 1ntolerance of back blast, (111) intolerance of upward. deflection of.the
2
gases .~ :

Up to now we have understood that the deflector was to ‘oe placed on the.
guns now in use as a field modlflcation, or at least a modification;th%y .
would require no more than the threading of the ends Of the tubes. Thi§ re-
stricts the ve:.ght of the attachment, S.ane the elevating mechaz sm. of- the‘ :
gun. carfnot operate properly agalnst too great an unbalance. In) Z‘ecent talks

with members of the Tank Destroyer and Armored Boards it became’/ clear, how- "

ever, that a solutlon should be contemplated even if it implleq} the redesa.gn :

4

1, / "Preliminary report on blast deflectors for the suppress:.on of dust “
by J. J. Slade, Jr., ircluded in OTB-1 (OSRD No. LO77).

-2/ "On the design of a muzzle blast deflector," by Jo d. Slade, Jr.,

. -~ 31 -
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‘Hduce ‘but ;f pos=1ble ellminate obscuratlon.;‘~_A'

' blast resultlng
" appears not to bl excessive. This is an important cons1derat10n. 'The brake

,vunde51rab1e, still thére must be some non-zero Limit to this thrust below

- pressures exist just out51de the baffles.g/ Even in the case of a s1mple
‘ attachment.that has- large port areas it would -seem that the speed of the
7emerg1ng gages is great enough to keep the unSymmetrlcal shocks: from reach-

~ of gun and carriage. It appears then, that although there is pressing need
' for a ljght attachment that will reduce ‘obscuration, there is also need for; o

__the deflectors that have been ‘tried wouad be 1mproved if tne side Jets were
" deflected backwards. N e i S

" of this berm1531b1e thrust . The*tﬁo critical factors seer to bé that (1)~~~ .
a non-symmetrical | ‘pressure field will cause the ‘projectile 10 yaw, (11) that ST

— an uppuextc quq’:cn.wu duz’ 0. the kJ.ok—up cauSed by the pGWubl" R

N
" ‘
-

- O

somethlng more drastlc than hitherto contemplated that will not merely re-

- T . K R . '” y
/ -

ions on back blast may also be partxally removed. The back . o ‘ 3
rom the use, of . the authoriZed brake M2 on the 76-mm gun ‘ ‘ i

“ _ .

\ The restric

M, whlch raises’a great deal of dust, nevertheless reduces’ obecuratﬁon by e i
v1rtue of throwing the dust ‘back ‘of the gunner s pos1tlon where the rmnd has '
less chance of blow1ng it 1nto the line of sight. The performance of all

For)some time we hA%e endeavored to determine wnat.iimits theuasymmetry
that may be allowed in the blast from the muzzle of- a.gun as mounted'at
present. Although it is apparent that & downward thrust at the muzzle . ié‘f'

which no' £11 effects result It 1§ certainly desirable to take advantage" o | ; -

the elevating mechanism is relatlvely weak.h With regard touthe first of
these, it seems possible to malntaln a symmetrlcal core around ‘the' progec-
tile while it passes through the ‘attichment even when hlgh unsymmetr“cal

ing the path'.of the oro1ecti1e during the -time of passage, if. the asvmmetrv

of the ports-is not - oo great. With regard “t¢ the second factor, We' have :

the following letter from Mag P.‘W. Constance, Ordnance Departments-

In reply to. your detter of. 1 November 194L, the Carriage Branch,

“Industrial Service, advises that the elevating mechanism of the’ . IR o
90 mm Gun Carrla#e, TSE2, will withstand a force applled ina o e
vertical plane af the end of the tube of 5900 ibs., and the 76 -mm . ‘ :
Carriage Mechanlgm.about L500 1bs: It is pointed out, however, , . i
‘that there will be an initial’ force apptied to the mechanism in =~ ' .

© ” ‘ VERE i
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- The cnlv vibrations that can bz set up by t *he two mpu.|.31ve t.nrusts, regard- .

ir"'

-3 - “_’,“’“ONFIDEerIAL

couple which will t.hen be followed by the kn.ck-down reaction of. the
tube because of an upmrd deflection of gases through the deflec~
tor. ' This may set up ‘harmful vibrational farces 'and the Carrlage
i B“anf'h strongly advises agai\st such an arrangement. .

C

less of their d:.rections and times ‘of application, are those corresponding
\to the natural frequencies of gun, mount, and carriage. These frequencies '
are low and there is high damping, so that we are inclined to disregard the

" last objection. It is difficult to estimate what deflection of the gases

S

2. Dust suppressors for. 76-mm gun

would produce an effect on the mechanism correspondn.ng to the static ioads J )

given in Ma.,jor Constance's letter, but only sl:.ght deflections are bc/lng
consn.dered as descrlbed in the next seotiou.

&

It“mtist be remembered that no motion of the tube will take‘p"sce as.a.

result of the downward thrust until after the projectile has left t.he muzzle,
- 80 that the trajectory will not be affected '

"As a result of observatlons and conversations at Camp Hood, it has be-
’ come apparent that no dev:.ce that is a simple field. modi fication can solve

the problem completely. "In the extreme dug-in position the muzzle of a’
tank-destroyer gun may be Only a few inches above the ground 9 regardless of
caliber. Even a very small fraction of the gas from 2 gun of large caliber
will produce obscuration under these conditions if the ground is dry. The :
.solution that offers some hope at present is a combimation of deflector ard
blast mat. Tanks are umable to.make use of blast mats, but tanks will

| seldom fire from extreme dug=in positlons such as used by tank destroyers

LAn attachment that keeps ‘the concentratsd blast from the gr -ourd will aid in

..sf‘-.’.-preserving the mat and thus make possible the use.of light mats., A deflec-

tor that spreads the jet umformly arournd the- muzzle of the gun in a hori-

zOntal plane would probably be easiest: on a mat, but this type of d:x.ffuser i
is not the one that produoes least obscurai-inn in the absence of a mat. The
deflecf;or should -be designed for least obsouration w1th0ut the use of a2 mat.

Three deflectors are being offere,d' as a possible immediate 'partial
solution of the problem. In all three the port-areas are nonsymmetrical
about the horizontal plane through the bore axis. j}( S0lid walls are being-

y'/:” ) . ' ‘ . ) if(f
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| left through an arc of 90° at the bottom &nd an arc of -60° at the top.l‘Sbme L
emeximentation with the port areas wi'll be possible on the 76-m gun when ‘

" In a.llowing a 1arger eXpans:.On chamber between the muzzle and k.
-first baffle and sn.mplifying the constrz.ctdon of the second baffle 2 the re- 5
sulting brake ‘becomes almcst ident:.cal with the more recent Germa.n brakes s Y. 3 _
\ . such as “the .one on the 7. S—cm tank gun lexu2 Since it seems quite certain ’a
N that the jet issuing through the n91e in the first baffle does ‘not expand §§
greatly, the flanges in the outer baffle were eli.minated : " g .
‘ Figures 2 and 3 show modifications of C1 and Gh brakes s respectively. - ' T ‘
The holes in the ‘baffles have been made as small as seemed compatible with j
proper clearance s since it is the residual: vJet that produces the more ;;," g N

serious obscuration.
less than in the standard brake. L

3.

the General Electric Company. ]
is ‘shown in Fig. 5. Except for the’ ‘outer rods, the mandrel is tmc'ned from
Since the throttling of the gas by the screen Wil
leave a large regidual forward Jet, screw t.hreads have been prcvided at the_ :
" outlet hole to e)pperiment with a nozzle. The bottom plate is tentative H it
ﬂpcsed to vperimnt with top and bottom platec. B

a solid steel cylinder.

i//
"A,

| (m)",

I
ol

[

- Dust suppressor for 37-mm gun |

-k ig‘uu: 1-shows a mw.l.fngu.Lvu of ‘cuu wwo-balile swxmz‘d uxuinuue brake’

The authorized forging hag been used in constructing ‘this brake., The
inner baffle takes. the. st.aniard bushins' which reduces the hole to a di\e.met
- of 3.18. in.

The; side Jjets are. deflected backward though slightly "

o - 39)d o
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Figure i shows dust suppressor No, GE ho based on ideas submitbed by
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CALGUIATED LEADS FOR AERTAL GUNNERS USING THZ API-M8 C.LIBAR .
»50 PROJECTILE AND THE Thi; CALIBER .30 FRANGTEER PROJEGTILE

>

. o e E Q.

by Harold A, Scheraga and Marcus E. Hgbbs . ;:: eS8

3838

Abstract 883

‘ > . D g g

~--- A frangible projectile (Ordnance notation Tl) has been de- 2 8&

veloped for training asrial gunners by having them fire the pro- - ey
Jectile from a. bomber at a lightly armored target airplane. The - B @ 3 :
present report shows how the calculated leads the gunner must - |

glve to obtain hits when using the Thli round compare with those . |
he should give to obtain hits under conditions of combat. The
calculations are based on the assumption that the fighter travels
a theoretical ledd pursuit curve.: ST T

|

The Thl frangible projectile was developed with the idea that if the
+bomber and fighter velocity and the f.sigﬁﬁ '?'z;et:iclé"‘i'nere properly schled a
training device for aerial gumners could be made available which would .
closely reproduce the conditions of combat. The most ;i.mpqri;grg_tmsﬁin_gle B

factor considered was that the leads ased by the gunner in training would,

to his knowledge, be equivalent to those he s'}ié‘ﬁ;iq-use when under actual .
conditions of combat where he was being attacked by a.fighter on a curve
of pursult. The fighter velocity Vp, bomber velocity Vgs and Tl -bullet

muzzle velocity Up that have been found practical for training as compared
with the assumed conditions for coribat are” &s. follows.

L

" True Air Speed (mi/hr) . -
Sitwation | Projectile M“"ﬂ? fze/::z:;ty v OF Fighter | OF Bomber
Combat - APT-M8 2870 O 3 | Tazm
Training | Thl - 1360 231 | ‘160

Calculations of the leads required when the-fiphter approaches the

bomber an a thearetical lead pursuit curve not corrected for aercdynmamdc
factors have been made along the following linest
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(s.) The path of the ﬂ.ghter 1s represented w EE s

In Eq, (1) e 13 the mtantameus z:g.nge—/ between the bambercand i‘ighter, S

" fp is the range ‘when 9= 909, 6 is the sight angle in. the plane of action

”.jmeas\med ﬁfor convendence in % pz/ésent calcuiation) off the tail of t.)/ /|

" bamber and from the bcmber fJight line, A is the ratio v /v -of ﬁgm-,er
\, ‘veloc:Lty to bombor velocity, ‘and pis the ratio vg/ (VF + 2h50) where the -
' ;constarrb 2450 18" the averags veloeity of a- fighter's bullets ' The assump*- -

o tiom used- in deriving Eq. (1) are- given in’ rei‘erence 1. In t-he present i

‘ealgnlatiom in bgth the combat and training case’the’ initial ‘rangs has -

- been chosen as 700 yd.and. the"altitude as 8000 LL . .

- The re relation for T is irrbegrated graphically. v

@’

.,..,.rul,a'bed by Abprd,epn P'r*oving Grounds.; 7

o) The instantaneous range of the fighter as a function of td.me has
been calculated by use of . the relation-— . C . . e

L ,-&@/,oo)do R s
’f S ~ ¢ WEESr @)

&
where ,/,o 1s defined by Eq. (1)

’.'.

& . EEN H - - Y
I 2 Ve . ‘n
! . . RN . B NN .

B N

(:‘I.ii) The instantaneous ranges ‘of the projectile as a function of t | .
are obtained from Firing Tables FT 0,50 . <<-Q-1 and FT 0,30 4C-US1 as cal-" -

e

A

M / Elements of theory of aerial wnery, The Jarn Handy Org"niza— -

“tion T1937, . 15,

~ 2/ The “instantancous range is defined as the dlstance betmen the

_‘gunnnr amd the fighter at any instant

RESTRICTED

N




(R ‘-h3-, e nssraxcrsu‘
. (17) ‘The’ cOntact point betneen the projectile fiight path énd 'bhe

ﬁ.ghter path is determined by the “pdnt of intersection of “the Tanfo-tine ‘

;, PlOt Of the prajectile path at the. correct angle ‘of. fire and the range/

Wty

A shmm in Table I. g

N,

w3

(tins nlct. cf t:wf fighter path calqulated as indicated in (11) at
_the rangs Of ths corrbact pal.ut thus determined, the a.ngle dft et t.h;bul-

© let-fighter contact paint is determined frod o qf range. mslm angle .
Py LS
oft fcr the fight.er psth. N T | ; /

: “ ',If S R R oL

(v) The uncorrected lead is calculated as ’ohe difference. between ‘the

‘sight angle ip the' ‘plane of action at the time of firing and the angle de~

termned by a line drawn from the bember: to the bullet-ﬁghter contact =
point. This" 1ead is then cwrec'bed for. bullet trail and .drop as’ f‘cu.m in’
-the ﬁring tsbles and is fimlly re elved into 1ead :I.n az:l.muth and eleva-,
tion. The ‘terms "azimuth" ‘and" "eleyatn.cn" as used in cormection with this

3

. Since traiulng with the Thh pro;jecti,le has been restricted thus far ‘to . '
: the tail hemisphere of the bombeu five cases .tnvciving approaches “of the
. “fighter 1A this hemisphere ‘have been celctﬁ.ated., They mﬂ.d appear to caver

cases that ?hou],s be used in training. ‘ The results of the calculation are

7./’”, e

;[n Table I no data areé given for ranges 1ess than 200 yd because in

Vthe ”traimng case the attack is. broken off at this range Further, in

_rear-quarter attacks the lead gets so small at this range ‘that no serious =

- error can be expected betme\sn the combat and training cases 1f a properly

ad justed, sight reticle 'is used’ for the training casge; and in the beam

attacks at ranges Of the Order.,of 200 ya the centrif‘ugal accelerauiun On ce T

o ~the - fighter ("G's") bscanes quite large. ‘It appears from the values of r "

" that a reticle 1. .50 times the diameter of the -combat reticle will be a good
" average value'to make the t;'a.nri.ng case closely approximate the combat case
, '_insqfar as leads measured in terms of ret:l,cle "rads" are- comernedr * c

by dividing r by 1 50 It ‘may be remarked that 1. 50 is the ratio oi‘ the _
1 OO-percent own~speed relat*on fe- the- uralmng to that for the combat case.

.  RESTRICTED
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'attacks .

 for gpunncrs using’ "a-n-speed" si"hts for pursut-curve attacks;- andA(iii). —
“,for gunners using gomputing sights ‘on pursuit-curve attacks prov:lded the ~
sights are properly adapted for the training case. In the case// of "own-
speed" sights and fixed sights, the adaptation is quite simple." " e
of coggputipa ,33_ghtg wi_'l_ vary in oomplaxity wi‘bh the particular t.ype sight. , -
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Rble II. Val g r[l!SOfor Gastzs A, B, G

0 N ’\/ * .
L‘m:r — ————
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It was found that more constant values of r could be obtained by not

scaling down t}xe dverage velocit.y (the cqnatant 250 appe?/armg in me o.e.u.- s ?

‘nition of ‘u), of the fighter's bullet. If the fighter therefore g.ves , in

the traimng case, the same'leads (on a "rad" basis) as he would ‘use in"
‘combat s thé size of the reticle in his. sight must be reduced For values
of © between 20° and 900, the fighter's reticle in training must be 75 per— -
' All the data given herein hav*e been: calculated
'on this basis. 1// e T Y - -

cent of its size in cqnbat

It should be noted that all the calculations pert.ain to pursuit-curve o
) Calculations for the" case o*' the fighter and ‘bomber flying paral- '
. le:l. and antiparallel ceurses are now under way.

It appears that the frangible projectile should give good training (i) .
" for gunners using "posﬁ.tion firing rules" for pursuit-cm‘ve attacks, (ii)

.ﬁhngwxdrib.'

/

i@?g), QaSe A Gasef " "Case € Gase D Casa ‘B
%0 L el 0.9 .97
80 B R e S PR e
10 T e e | 183
60 - 0.96" < T3 | nor, 4 om0 |0 4,03
50 - %6 R, JEU R . T 7. 0:96
w - loooes ot | a3 '

30 R I T o1i o106
20 D02 ] 1020 ] 1,08

' There are several shortcomings of this presentation which the writers

Adaptation

‘recogm.ze. Ofie is. that the aerodymamic factors may modify to.a significant
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) ‘ - o S '
§
- fi ) A
i

i o a0 i S A A L 1




\ agsmnr T&'D T e

'extent phe path the fighter frevels! It 4s falt, that-( um:l.l cmiderably | o
- moTe qution is n;ade availgble as to—mtm ar actna.uqr mvelﬁt“
S in -2 pursuitecurve: -aptack, a wsmbh assmpt:tm‘fs thit .the inclusion .

VR : T

' éf ‘such facters-will-modify abwolitte valiss of The lesd but mey iesve the % il
A ‘,rauo of the leads used in soibat and traiming approximately as found above. ~ . .« - |
_ - Ancther consideration is the precision of the graphical method used in the. | B !
.i_ca,lcuﬁtions. In generél, tbe accuracy is of t.he order of &2 mil in A s T
and since trac.king errors are of the order of 2 to 5 ml the- error: 'in cal- é/f—n = T
culation cannot. be regarded as very Serious. Sinoe the errors in time of // S T
flight of the projectile as btaiped from'firirg. tables may also be df the |
order of 1 to 2 percent, and eVen more if faqtc:rs such as the dependence . B
~of mzzle veloc:.ty on tempgx;atm‘e arrl ".:,'_,1,_, el qmcbtion are not comf . R
. ';sidpred, tha significance of ‘the caleulational errars’ ave even further - |
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THE EFFECT: OF P\BWTIIE num:m ‘oN THE Amcs K\Fzzns vm.ocm ) ,
. el } \\FOR THE Thl Pao.mcrm R VR R
BT N - - o
by A, J, _Weith, Jr.,/ J. H. §y1o:;, :mm B. HObbs

¥ : P

S e T ” Sqne difficulty has arisem with' excess diswsion in velocity

el -~ ofithe Ordmance-preduced TLl frangible projectils round.” Since - .

7. ) -} several factors wera believed to affect the diameter of the molded
projectile, firings haye been made to determine _the. effect of vari- .

. ations in the diaméter on avogﬁge ‘pug$le velocity.. /All shots were -
fired, through the same mbzzld of & Browning AC M2 machine gun and - :

., a.fixed charge of Du Pont No. L759 emokelesg' powder was used. The'. ~°

- résults indicate a definite but small trend toward increasing muz- ~ °

" zle velocity -With increasing diaméter. . Certain possible simplifi-
cations in’ the" process ot manui’acture are suggested by t‘hese re=

; ) sults. L B . 5 | o ;
:: \\\\ ,,.‘ | ‘ , .. ,.. JUPSN t . atee e e .:\4‘.. ~ooe -..v.. . .q....,p..._ . “‘-:) e
\\ ¥ - The Thh projectile s norr molded from a composition of finely divided .

" lead . powder and bakelite binden at several different molding plad‘bs. VAri-A ’
, ations in time - of cure, gwessurtm temperature of cur:tng, en:l go- f‘orth are- "~ o ”
R be?b.eved to in.fluenc.e the//?mmaeter of the finishedf projectile to a. signifi-"‘ N

. "«‘ca/nt ertent However » the variable which definitely determines the nominal

O A diameter of the. pro:)ectile 1s the e&vity size. Cavities are found to vary

e ~ in sige’ within a particu'lar \ino}d because of the inability of the mold rhaker‘

) to meet better than some il ’al tolerance value in his cavitv*-naking ‘oper=
"""”ation. In view cf the abfove factors affecting bullet diameter and since

- ” 7 some diinculty has arisen with regard to dispersion in the velocity of the

Ordmnce-procluced Thh round, 81\1 investigation of the, effect of bullet ‘diam- -

Y_‘.s‘mnx‘m‘f-mm “{‘;},mf-,x o i T

b

b im0

h o : oters on muzzle velqgcity was 1ndj_cat@d,, |
,c | | PrOJGCtileS of the regu]ar Thl; composition were molded in several aizeel%% -
ﬂ" , e of cavities by the Bakelite Corpcration at Bloo:nf‘ield, New Jersey, under - N
/- . what were considered average conditions. These were then nachined Mo )
L A B weight and a normal crimping gl/oove ms cut in the pro,jectile. They’ were 3
; o /U)  hard loaded with 0330:6”002 ém charges of Du Pont No. 14759; smokeless. ;
; 7 , A o
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powder and all crimped at a constant load into caliber .30 M-1. pnmed cases.
: All.powder was obtained fromi'the same 1-1b can of No. L759 powder.
plete-round was then placad in an air thermostat at 24,0% 1.5°C for a mini-

The com~ -

- A2 dwe 3. ....l-.... -L‘-.... 4 e L.

Man Aooann L T
uwu-l.uJ.u‘y Wl Ll vilkeO [isichyrioiapvieiuingy

rnvemy  ammand AT AL D Thea
- UG POL LML WL ) ik e LT G Y

ting was 32 percent.
The rounds Wers removed.from.the thermostat ons at a bime and fired
through-the same caliber .30 Browning AC M-2 mathine gun, using the same
ba.rrel throughout.
with an Abnrdeen chronogf-aph and was then corrected to gz.ve mizzle velocity.
The results of the tests dnd other pertlnen'b data are shown in Table" I
Twenty rounds were fired for each case. _

The avemge \(elo sity over a So—ft range vas determined

Three separate 1oadings of some _
stock TLl- pro,)ectiles recelved se’ »reral morrths 8go were made' to check the in-

ternal cons15tency of the 1oad1ng procedure., These data are also shown.

Table I Data from firj 5, 20 roxm:ls ‘eaich of 7 groups of Thh pro ,ectlles
Jin a Brpvmng AC M=2 machine: gun ’ =

Average.

Bakel%io;;Code CZZZ—ZY Progzgil%l(.in?l)-cun- gitggztgi Muzzle E‘ge
. Projectiles - - l{in.). A&erégézﬁﬁAv?rage“ ' ‘_’%gm)- ®|Velocity. Veloc~ ™
R ‘ deviation | {ft/sec) | ity
1807=998% - . 0.306 '0.3050 | £0.0002 {6.96%0.01 13L8 18
1807-79B% " © ™ 7307 | 3065 | £ .0006 {6.9Lx0.02| 1389 | 1k
1807-79¢* .309 | 73085 |+ .0001 [6.95%0.01] k15 | 19
1807-790% 310 | 3095 | & .0002 6,952 0.01] 121 | 21
Thl Standard RD-L2-93| ~— | .3090 | + .0003 [6.55%0.02] 1ot - | 9
© Lk Standard BD-L2-93| -- | .3090 | £ .0003.]6.95%0.02| 1378 9
Th); Standard — | .3090 | £ .0003 [6.9620.01] 1378 | 12

These projectiles were transfer—gsolde& from B.M. 17073, batch 103D s
with a cure time of 90 sec 2t 325% and 9500 lb/:i‘n2

The data 1ndlcate a deflm.te trend toward :anreasing muzzle veloc: ty

m.nh a-.ncreas:.ng oﬁamter 3 however >

t is rather smaller than was cxpected
The trend is shown graphi-

in view of the e;cbremes in diameter concernsd.

cally in Fig. 1.
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Fige le Graphical ropresentation of muzzle velocity as a function
of diameter of projectile. Data plotted were obtained from the firing
of 20 rounds each of 7 groups of T4/ projectiles in a caliber .30 Brown-
ing AC M-2 machine gun. ‘ T e ) o .
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.The results indlcate that a tolerance of 0. 0008 to +0.0010 in. in

“the normal diameter of O. 3080 in. should not have a serious .effect on the

average muzzle velocity obtained ~ Since such tolerances can probably be
met rather well in production, it would appear desirable to detarmina: - -, .
whether the preﬂerrt -producing facilities could meet such.a tolerance and
thus’ poqmbly eliminate ‘the present practice of resizing a.ll prowectlles. |

_Scme 'of the projectiles produced are slightly eccentric in oress section,

and it is understood that resizn_ng is also necessary to eliminate thls _

. variable. The eccentricity is gquite small (approximately O. 0002 to
- o. 0003 in.), and both the small o value and the relata.vely small ch.sper- -

sion in average muzzle velocity with some regular unsized Thh- projectiles
would indicate that the eccent,ric:.ty probably is not a serious factor.

/

This Documem

Reproduc
| ed Froy;
. } . Best Avallahie Cccp;

——

RESTRICTED




N

|

7

ATI- 61379

TITLE: Ordnance and Terminal Ballistics ~ Vol. 7 - January 15 to 15 February, 1945 - A
Compilation of Informal Reports Submitted in Advance of Formal Reports

AUTHOR(S) : Beth, R. A.; Curtis, C. W.; Emrich, R. J., and others

ORIG. AGENCY : Princeton University, N. J., Duke University, Durham, N. C.

PULLISHING AGENCY NO!

PUBLISHED 8Y : OSRD, NDRC, Div. 2, Washington, D. C.
’ ! i OSRD -472Q NDRC -
DATE DOC. CLASS. COUNTRY LANGUAGE PAGES MLUSTRATIONS 0 )
hd u sh hotos, tables, diagrs, graphs \
. . N NS ..
ABSTRACT: -~ S ST 2

i - F, £ > -
The'theory of the variation of the resisting force during the penetration cycle of a projectile
is summarized for three cases as a step toward the solution of the practical problems of fuze
setting and target and projectile deslgns. Moreover, cal 0.244 projectiles of one nose-shape
have been tested in a survey against 2-, 4-, and 6-cal-homogeneous armor. Blast deflectors
for the suppression of dust in guns are described. A comparison is made of calculated leads
and those which a gunner must give in a fighter airplane travelling a theoretical lead pursuit
curve. Finally, the effect of the projectile diameter on the average muzzle velocity for the

T44 projectile is investigated. ﬁ, «14 & )
N7, erits S@Drciner, A e GO (LG T

DISTRIBUTION: Copies of this report obtainable from CADO. A
DIVISION: Ordnance and Armament (22) . SUBJECT HEADRINGS: Projectiles - Penetration (75417.86);
SECTION: Ballistics {12) Proje- "-s - Terminal ballistics (75419.5)

ATl SHEET NO.: C-22-12-42
Central Air Documents Office I AIR TECHNICAL IIA

| Wright-Pattarson Air Force Base, Dayton, Ohlo

,%M f? 5@
(ﬁ@%ﬂ/




